ABSTRACT -A novel high efficiency solar cell and module technology, named PANDA, using crystalline n-type CZ Si wafers has moved into large-scale production at Yingli. The first commercial sales of the PANDA modules commenced in mid 2010. 
I. INTRODUCTION
Industry analysts agree that the cost of power generation with photovoltaic technology has reached grid parity in many electricity markets, and is poised to continue to decline in the Therefore, the development of high efficiency and low cost crystalline Si solar cells and modules is the most effective way to lower the cost of solar power.
Currently, p-type Si solar cell technology continues to dominate terrestrial applications, occupying up to �85% of the global PV market share. However, solar cells fabricated on standard boron doped CZ silicon substrates have shown a reduced cell performance after being exposed to light and even after storage in the dark [3] - [4] . Such light induced degradation (LID) effects were reported mainly from the dopant boron, which reacts with oxygen atoms under illumination [5] - [6] . The high oxygen density is a result from the standard CZ Si growth method. Hence, eliminating boron and/or oxygen from the bulk silicon is an effective way to avoid such LID effect.
In recent years, n-type Si solar cells have garnered particular interest because they hold significant advantages over p-type Si solar cells. N-type Si solar cells are not only free of the LID effect, but also have a high efficiency potential and a lower sensitivity of the carrier lifetime towards impurities. High efficiency n-type Si solar cells developed in a laboratory environment with different cell structures have been reported, such as the 24.2% efficient interdigitated back contact (IBC) cell [7] , the 23.7% efficient heterojunction solar cell with intrinsic thin layer (HIT) [8] , the 23.2% efficient PERL solar cell [9] , and the 22.7% efficient PERT solar cell
The goal of the PV industry is to significantly lower the costs per watt in mass production in order to achieve grid parity. Although a lot of effort has been undertaken to develop different n-type Si solar cells in a laboratory environment, efficiency improvements are often reached only with the help of cost-intensive process steps so that most processing steps cannot be directly implemented into mass production. The laboratory processing technologies have to be re-engineered for low-processing cost, such as developing industrially 003004 applicable cost-effective processing steps compatible with the existing affordable p-type Si solar cell technology.
A novel high efficiency solar cell and module technology, named PANDA, using crystalline n-type CZ Si wafers has moved into large-scale production at Yingli. PANDA technology is the first new n-type silicon cell technology in volume production based on processes compatible with standard screen-printed cell and module manufacturing with high efficiency and low cost.
In this paper, a short review of different n-type Si solar cells that have been realized in mass production will be given.
Industrial implementation and the development status of PANDA technology for highly efficiency n-type Si solar cells and modules in high volume at Yingli is presented.
II. REvIEW OF COMMERCIAL N-ST SOLAR CELL TECHNOLOGY
There are two successful industrial n-type Si solar cell technologies available in the market during the last years. One is the IBC structure n-type Si solar cell, and another is the HIT structure n-type Si solar cell. The conversion efficiencies of these products are 3�4% higher than that of typical crystalline solar cells, but the costs are typically more than 40% higher [11 ] .
A. lBe n-Si solar cells IBC solar cell developed by the R&D department of SunPower was reported [7] .
B.HlT n-Si substrate solar cells
Another n-type Si solar cell, the so-called HIT cell, was proposed and developed by Sanyo Electric Corporation. Mass production of the HIT solar cell launched in 1997. Figure 2 shows the structure of the HIT solar cell [15] . A vertically integrated production model from n-type Cz-Si crystal growth, wafer slicing, cell processing and module assembly was used in the development of PANDA technology to achieve the lowest manufacturing cost in Yingli, as shown in Figure 3 . Figure 4 shows the schematic sketch of the PANDA solar cell. The process flow is shown in Figure 5 [19]. First, saw-damage is removed and surface texturing is . • Conventional (p-type)
• Yingli SolarPANDA(n-type) superior high temperature performance, near zero initial light induced degradation, and excellent efficiency at low irradiance.
Our target in the near future is further improving the PANDA average solar cell efficiency in mass production over 20% by studying passivation and metallization technologies for improving Voe, Ise, and FF.
